INTRODUCTION
Hepatitis C virus (HCV) was discovered in 1989. According to the Korea Hemophilia Foundation registry database, the prevalence of anti-HCV positivity in patients with hemophilia was 37.3% (496/1,329) in 1999. By 2015, its prevalence was gradually reduced to 26.7% (550/2,063). 1 Especially, the prevalence of hepatitis C (HCV RNA positive) in patients with hemophilia decreased strikingly from 13.5% to 1.8% between the 1990s and 2015. 1 Modern treatments of hemophilia promise a remarkable increase of the life expectancy of patients. Therefore, the quality of life of hemophilia patients with comorbidity is a major issue. Among comorbidities, HCV infection is important in patients with hemophilia. Our previous study showed that pegylated interferon (Peg-IFN) plus ribavirin (RBV) therapy in chronic hepatitis C (CHC) patients with hemophilia appeared to be superior to those without hemophilia, and there were no serious adverse events related to hemophilia. 2 However, compliance with treatment is poor due to frequent side effects and the need for frequent subcutaneous injection. In CHC patients with hemophilia, the most common adverse events were hair loss, headache, itching, neutropenia, fatigue, and anemia. These are all related to subsequent therapeutic failure. However, with the development and launch of new direct acting antiviral agents (DAAs), it is now possible to eradicate HCV with a higher cure rate and significantly reduced adverse events. Most physicians are saying that we have reached an era of cure. 3 However, there are a few reports regarding treatment outcomes of new DAAs in CHC patients with hemophilia. 4 Therefore, in this study, we assessed the efficacy and safety of new DAA in CHC patients with hemophilia who are either treatment-naïve or treatment-experienced.
Korea Hemophilia Foundation Hospital between September 2015 and April 2016. All were followed for at least 6 months after new DAAs treatment and enrollment in the current study. Patients enrolled in this study met the following entry criteria: 20 to 75 years of age and positive for serum anti-HCV for at least 6 months with HCV RNA ≥10 4 IU/mL; Additional requirements included a hemoglobin value ≥10 g/dL, a platelet count ≥100,000 mm 3 , and normal renal function with normal serum creatinine level. Candidates were required to have compensated liver disease with a prolonged prothrombin time less than 4 seconds, a serum albumin ≥3.0 g/dL, a total bilirubin ≤4 mg/dL, and no history of hepatic encephalopathy or bleeding esophageal varices. Cirrhosis was diagnosed with radiological evidence of liver coarseness, nodularity, and splenomegaly (>13 cm) using ultrasonography, because liver biopsy confirmation is not available in patients with hemophilia.
Other exclusion criteria were as follows: a history of corticosteroid treatment within 6 months of entry; the presence of antigen to hepatitis B virus, or the presence of antibody to hepatitis D virus; a history of other malignancy except hepatocellular carcinoma (HCC) or evidence of other forms of liver disease; and a history of intravenous drug abuse. Patients with other significant medical or psychiatric problems were also excluded.
Twenty-six patients were genotype 1 (1b, n=21; 1a, n=5), and four patients were genotype 2a/2b. Among the 21 patients with genotype 1b, Y93H resistance-associated variants (RAVs) were detected in three patients (14.3%). According to the medical insurance system in Korea, five patients with genotype 1a and three patients with genotype 1b (RAV positive) were treatmentnaïve and received ledipasvir/sofosbuvir (LDV/SOF). LDV (90 mg)/SOF (400 mg) was administered orally once daily for 12 weeks. Eighteen patients with genotype 1b were treatmentnaïve (n=11) or treatment-experienced (n=7) and received daclatasvir plus asunaprevir (DCV and ASV). DCV (60 mg) was administered orally once daily and ASV (100 mg) was administered orally twice daily for 24 weeks. Four patients with genotype 2a/2b (treatment-naïve, n=2; treatment-experienced, n=2) received sofosbuvir plus ribavirin (SOF and RBV). They received 12 weeks of treatment with once daily SOF 400 mg plus twice daily, weight-based RBV (1,000 mg or 1,200 mg) (Fig. 1) .
The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review Board of Chung-Ang University College of Medicine, and written informed consent was obtained from each patient (IRB number: 1701-010-261).
Endpoints and definitions
The primary end point of this study was achievement of sustained virologic responses (SVRs), defined as undetectable HCV RNA in serum at 12 weeks after completion of antiviral therapy. Secondary end points were rapid virologic responses (RVRs; seronegativity of HCV RNA at 4 weeks of treatment), end-oftreatment responses (ETRs; seronegativity of HCV RNA at the end of 12 or 24 weeks of treatment), nonresponse (less than 2log 10 decrease in HCV RNA from baseline during treatment period), and relapse (HCV RNA undetectable during antiviral therapy but detectable at 12 weeks after the end of treatment). In addition, the safety of new DAAs was assessed by clinical adverse events and laboratory abnormalities during the followup period.
Assay methodology
HCV genotyping was performed using the restriction fragment mass polymorphism method. Serum HCV RNA quantification was determined with the Cobas Amplicor HCV Monitor, v2.0 (Roche Diagnostics, Branchburg, NJ, USA), which has a lower limit of quantification of 15 IU/mL. Plasma samples for determination of HCV viral titer were collected before the start of antiviral treatment, at 4 weeks after treatment, at the end of treatment (12 weeks after LDV and SOF treatment, 24 weeks after DCV and ASV in genotype 1b and 12 weeks after SOF and RBV treatment in genotype 2a/2b), and at 12 weeks after cessation of treatment. Alanine aminotransferase, was evaluated at every visit. The viral resistance testing on NS5A was performed on baseline samples for all patients and samples at the first time of virologic failure in patients with viral breakthrough by direct sequencing method. Viral RNA was extracted from serum using QIAamp Viral RNA Mini Kits (QIAGEN, Hilden, Germany). The extracted RNA was reverse transcribed and amplified by the PCR method using the SuperScript III One-Step RT-PCR System with Platinum Taq DNA Polymerase (Invitrogen, San Diego, CA, USA) with the pairs of primers as follows: sense (5872-5891) 5′AAGAGGCTCCACCAGTGGAT-3′ and antisense (6730-6749) 5′-CGCCGGAGCGTACCTGTGCA-3′. The targeted HCV genome was amplified by nested PCR using PrimeSTAR Max DNA Polymerase (TaKaRa), with the pairs of primers as follows: sense (5893-5912) 5′-AATGAGGACT GCTCCACGCC-3′ and antisense (6690-6709) 5′-GTG AAGAATTCGGGGGCCGG-3′. The PCR products were purified using a QIAquick PCR Purification Kit (QIAGEN) and sequenced using an automated DNA sequencer (3730xl DNA Analyzer; Applied Biosystems, Foster City, CA, USA). Substitution at amino acid positions 31 (L31F/ I/M/V), and 93 (Y93H) known to be associated with resistanceassociated GT-1 virologic failures on DCV were analyzed. 5 If minor sequences of RAVs were detected in more than 10% of the strength of the major sequence, it was regarded as RAVs positive. For analysis, the predicted HCV amino acid sequences from the patients were compared with the sequence of the HCV-J strain (GenBank accession number: AJ238799, http://www. ncbi.nlm.nih.gov/nuccore/AJ238799.1) as a reference.
Statistical analysis
All data are expressed as mean±standard deviation or range where appropriate. HCV RNA levels were logarithmically transformed for analysis. Continuous variables are presented as mean with standard deviation, whereas qualitative and discrete variables are expressed as absolute number and relative proportion in percentage.
RESULTS

Study population
In total, 30 patients with hemophilia and CHC were enrolled and treated at the Korea Hemophilia Foundation Hospital between September 2015 and April 2016. The characteristics at baseline are shown in Table 1 ; 30 patients (100%) were male, and the mean age was 46 years (range, 30 to 75 years). Four patients (13.3%) had compensated liver cirrhosis. The mean baseline serum ALT level was 66 IU/L (range, 16 to 207 IU/L), and the mean baseline serum HCV RNA level was 6.3 log 10 copies/mL (range, 4.2 to 7.1 log 10 copies/mL). The mean baseline BMI was 23.6 kg/m 2 (range, 16.9 to 41.6 kg/m 2 ). Overall, 50% of patients were treatment-experienced patients. The mean total follow-up period was 36 weeks (range, 18 to 78 weeks) ( Table 1) . 
Antiviral response
According to the medical insurance system in Korea, 11 patients with genotype 1b were treatment-naïve and received DCV plus ASV for 24 weeks ( Table 2 ). The RVRs rate was 100% (11/11), while ETRs, and SVR12 rates were 91% (10/11). One patient experienced viral breakthrough without RAVs at 12 weeks. Seven treatment-experienced patients with genotype 1b received DCV plus ASV for 24 weeks. The RVRs rate was 100% (7/7). However, ETRs, and SVR12 rates were 85.7% (6/7). One patient experienced viral breakthrough with RAVs (L31M, Y93H) at 12 weeks. Baseline characteristics of patients with virologic failure are shown in Table 3 . At baseline, RAVs were not detected in these patients. They also experienced virologic breakthrough regardless of the achievement of RVR. Only one patient with nonresponse in previous treatment experienced virologic breakthrough with RAVs. No patients displayed nonresponse or relapse after ETRs.
Five patients with genotype 1a and three patients with genotype 1b (RAVs positive) received LDV/SOF for 12 weeks. RVRs, ETRs, and SVR12 rates were 100% (8/8). Four patients with genotype 2a/2b (treatment-naïve, n=2; treatment-experienced, n=2) received SOF plus RBV for 12 weeks. RVRs, ETRs, and SVR12 rates were 100% (4/4).
Three patients with genotype 1b and one patient with genotype 1a were classified as having cirrhosis. Among them, two patients experienced nonresponse and one patient experienced relapse in previous Peg-IFN plus RBV therapy (Table 1) . However, all cirrhotic patients achieved SVR.
Safety
The most common adverse events were fatigue, headache, nausea, insomnia and dizziness (Table 4 ). Most adverse events were mild, and only a few patients experienced mild hematologic events. The proportion of patients with mild anemia (hemoglobin, 8 to <12 g/dL) was 40%. However, the adverse events, spontaneous hemarthrosis, and obscure gastrointestinal bleeding, were not considered treatment-related but rather to have originated from hemophilia. Moreover, no patients experienced major bleeding. Adherence to new DAAs including RBV was reported to be 100%. There was no patient who discontinued the treatment or reduced the dosage due to a serious adverse event (Table 4) . No patients underwent RBV dose reduction due to anemia. The adverse events reported in CHC patients with hemophilia were consistent with CHC patients without hemophilia reported in previous studies, except development of anemia.
DISCUSSION
Although the prevalence of CHC in patients with hemophilia has gradually decreased, these patients have one of the highest prevalence rates of CHC among the general population. 6 Before HCV-specific screening was established, more than 80% of patients with hemophilia experienced CHC and about 20% had progressed to liver cirrhosis and HCC within 30 years. Between 1990 and 2007, complications of HCV were the leading cause of mortality in individuals with hemophilia. 7 The host factors of long duration disease and male sex have a strong association with reduced antiviral responsiveness and fibrosis progression, respectively. 8, 9 In other words, the mean age of infection is lower than that of the general population at risk for HCV because almost all patients with hemophilia were treated with plasma products from childhood before 1987. A long duration of infection also increases the risk of advanced liver disease and liver-related mortality. Therefore, active and intensive treatment of HCV is required to prevent the progression of liver disease in patients with hemophilia. For several years, the current standard of care for the treatment of CHC was Peg-IFN and RBV combination therapy. A meta-analysis of antiviral therapy in CHC patients with hemophilia demonstrated that the overall SVRs rate to Peg-IFN and RBV was 61% (45% for genotype 1 and 79% for non-1 genotype). 10, 11 While the efficacy of this therapy was acceptable, about 40% of patients with CHC experienced breakthrough or relapse, especially genotype 1 patients. Although the SVRs rate was about 85% (82% in genotype 1, 92% in genotype 2 or 3) in our previous Korean hemophilia data, higher than that in the meta-analysis, there have been still many requests to increase the SVRs. 2 Female sex tends to correlate with SVRs, but patients with Neutrophil (800 to <1,000×mm
Data are presented as number (%). HCV, hepatitis C virus; RAV, resistance-associated variant; DCV, daclatasvir; ASV, asunaprevir; LDV/SOF, ledipasvir/sofosbuvir; RBV, ribavirin; SAE, serious adverse event; AE, adverse event; ULN, upper limit of normal; ALT, alanine aminotransferase.
hemophilia are exclusively male. In addition, in our previous Korean hemophilia study, about 8% of patients discontinued treatment due to serious adverse events such as anemia, general weakness, jaundice, and periodontitis. 23 The SVR rates were 92.3% and 79.2% in treatment-naïve and treatment experienced, respectively. However, about 10% of Asian patients experienced treatment-emergent RAVs and viral breakthrough in spite of no RAVs (L31M/V and/or Y93H) at baseline. 23 In our study, two patients (11.1%) also experienced on treatment virologic failure in spite of RVRs. One treatment-naïve patient with genotype 1b experienced viral breakthrough without RAVs at 12 weeks; this patient's compliance was good, and the repeated RAVs test after 4 weeks was also negative. The other treatment-experienced patient with genotype 1b experienced viral breakthrough with RAVs (L31M, Y93H) at 12 weeks. Interestingly, this patient was nonresponsive to previous Peg-IFN and RBV treatment. Our results suggest that the Korean health insurance system could be changed from DCV and ASV to LDV/SOF in patients with CHC genotype 1b hemophilia, with or without RAV. Our study did have a few limitations. This study was based on a retrospective, nonrandomized design and only included Korean patients with hemophilia. In a previous report from 2012, 118 patients (6.3%) had positive HCV RNA among 1,862 patients with hemophilia.
1 It was difficult to enroll patients in our study because some patients had already received treatment with Peg-IFN and RBV between 2012 and 2014, thus they were not eligible for the current study.
In conclusion, IFN-free DAAs had high antiviral efficacy in patients with HCV, even in patients with hemophilia, and the safety profile and tolerability were similar to those in patients without hemophilia. As expected, the incidence of anemia was slightly higher among patients receiving SOF and RBV than among patients receiving LDV/SOF or DCV and ASV. Our data suggest that physicians should treat CHC patients with hemophilia using DAAs early and actively to prevent disease progression.
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